Large vertebrate herbivores, as well as plant-soil feedback interactions are important 2 drivers of plant performance, plant community composition and vegetation dynamics 3 in terrestrial ecosystems. However, it is poorly understood whether and how large 4 vertebrate herbivores and plant-soil feedback effects interact. Here, we study the 5 response of grassland plant species to grazing-induced legacy effects in the soil and 6
We tested the hypotheses by analyzing the responses of four grassland species 1 in field-conditioned soils from grazed and ungrazed grassland plots under controlled 2 greenhouse conditions. We then related this greenhouse response of plants to the past 3 and present abundance of conspecifics in the field experiment. Finally, we explored 4 whether these plant-soil feedback patterns could help in explaining spatiotemporal 5 dynamics of plant species in a long-term grazing experiment in the field. In the 6 discussion we propose mechanisms through which grazing may alter plant-soil 7 feedback effects. 8 9
Methods 10

Study site 11
We performed our study in Junner Koeland, a 100-ha nature reserve along the river 12
Overijsselse Vecht in the north-east of the Netherlands (52º32'N, 6º36'E). Our 13 experiment was situated on a 50-ha floodplain, which used to be flooded regularly 14 until canalization of the river Vecht (around 1910) and regulation of the water level. 15 The Junner Koeland was common grazing land, used by farmers from the village 16 Junne, and has been grazed extensively by livestock for centuries. Nowadays, it is 17 managed as a nature reserve by the National Forestry Service (Staatsbosbeheer), and 18 is grazed by cattle (Bos taurus (Bojanus, 1827)) from April till November at stocking 19 rates of about 0.3 animals ha 
Field experiment 2
In 1994, we established a long-term exclosure experiment to study the plant 3 community response to vertebrate grazing. We created 5 randomly established blocks, 4 with 2 different grazing treatments per block. Each block contained a 12 m x 12 m 5 chicken-wire fenced exclosure plot from which cattle and rabbits were excluded 6 ("ungrazed"), and a plot of 12 m x 12 m to which all larger herbivores had free access 7 ("grazed"). Within each plot 4 permanent subplots of 2 m x 2 m were established to 8 record long-term vegetation responses to combined grazing by cattle and rabbits. All 9 subplots were positioned at least 1 m from the fences to avoid edge effects. In each of 10 the 2 m x 2 m subplots, we recorded plant species composition from 1995-2001 and 11 from 2005-2008 at peak standing biomass (in July-August). We estimated cover of 12 each plant species visually according to the decimal Londo scale (Londo 1976). 13 
14
Greenhouse experiment 15
We grew four dominant plant species in undiluted field soil from the permanent 16 subplots of the field experiment to determine their growth potential in field soil. We 17 defined dominant plant species as species that across all years and plots had an 18 average cover of >10% in at least one of the grazing treatments. We selected the exclosure experiment using a soil core. In total we used 40 subplots (5 blocks x 2 3 grazing treatments x 4 subplots). We gently homogenized the 6 kg of soil per subplot, 4 removed large roots and divided it over four 1500 ml pots, resulting in a total of 160 5 pots in the greenhouse experiment (40 subplots x 4 plant species). In each of these 6 pots we planted four seedlings of each of the plant species in monoculture. 7
Pots were placed in the greenhouse at a day/night rhythm of 15/9h at 8 temperatures of 21/15ºC respectively. Soil moisture content in all pots was kept 9 constant at 25% w/w by watering 2-3 times per week using demineralized water. To 10 account for possible light and temperature differences within the greenhouse the 11 position of the pots was randomized once a week. Pots in the greenhouse were 12 arranged in a randomized block design so that pots containing soil from the same 13 subplot and block in the field were kept in one block in the greenhouse. The plants did 14 not receive nutrients during the experiment, because this could modify the response of 15 the plants to pure field soil. 16 After 12 weeks we harvested shoot biomass and used half of the soil from 17 each pot to measure root biomass. Roots were washed with tap water. Shoot and root 18 biomass were dried at 70ºC for 48 hours and weighed. Total root biomass per pot was 19 calculated by multiplying by 2. 20
21
Data analysis 22
We determined the growth of each plant species in the greenhouse as total biomass 23 (root + shoot biomass), shoot biomass and root biomass per pot. In addition, we To test the influence of grazing treatment and plant species on biomass 10 production, SWR, and vegetation stability, we used general linear mixed models with 11 each of the respective measures as response variables. We used plant species and 12 grazing treatment as fixed factors and subplot and block as random factors. When 13 testing spatial stability we used block and year as a random factor. greenhouse may also perform well. We test the year previous to the experiment to 24 account for legacy effects of plant species on soil conditions. P-values were corrected 25 using a sequential Bonferroni correction for multiple testing. P-values were ranked 1 from largest to smallest and regarded significant when P < α/k, where α is 0.05, and k 2 the rank of the P-value. 3
All data were analyzed using R, version 2.14. We implemented the lme4 4 package (Bates and Maechler 2009) for general linear mixed models. We used 5 maximum likelihood estimation and determined effects of our fixed factors by 6 comparing models with and without the variable of interest with a chi-square test 7 statistic (Crawley 2007). 8 9
Results
10
Plant biomass and root-shoot allocation 11
Total plant biomass was higher in soils from grazed plots than in soils from ungrazed 12 plots (Table 1) . Shoot and root biomass responses to soils from grazed and ungrazed 13 plots differed among plant species (Table 1) . Shoot biomass was lower in soils from 14 grazed plots for Holcus and Rumex, but not for Agrostis and Festuca (Fig 1 a) . Root 15 biomass was higher in soils from grazed plots than from ungrazed plots for Agrostis, 16
Festuca and Holcus, but not for Rumex (Fig 1b) . Plant species allocated more biomass 17 aboveground in soils from ungrazed plots than from grazed plots, indicated by a 18 significantly higher SWR for all species (Table 1, Fig 1c) . Total-, root-and shoot 19 biomass, as well as the SWR, were different among plant species (Table 1, Fig 1) . 20
21
Relationship between plant biomass and field abundance 22
Biomass production of Holcus in the greenhouse was positively related to the 23 abundance in the field in 2005 in soils from grazed plots. It tended to be positively 24 related to abundance in the field in 2006, while it tended to be negatively related to 25 field cover in ungrazed plots, but both relationships were not significant. Biomass of 1 Rumex tended to be positively related to 2005-field cover in grazed plots only ( Table  2 2). 3
4
Temporal and spatial plant community stability 5
In the field, the cover of the four dominant plant species changed over time (Fig 2) . 6
Both spatial and temporal stability were higher for Agrostis and Festuca than for 7
Holcus and Rumex (Figs 3, 4) . Grazing treatment affected the stability of these species 8 differently (Table 4 , Figs 3, 4) . Agrostis, Festuca and Rumex were more stable over 9 time under grazing by large herbivores, while the stability of Holcus was not different 10 between grazed and ungrazed plant communities (Fig 3) . Spatial stability of Agrostis 11
and Festuca was higher in grazed than in ungrazed plots, while for Holcus and Rumex 12 there was no difference between grazing treatments (Fig 4) . 13 
14
Discussion 15
Plant biomass and root-shoot allocation 16
In accordance with our first hypothesis we found that grazing-induced soil legacy 17 this effect appeared very small for most of the plant species (Fig 1a, b) and hence may 21 not be ecologically relevant for driving vegetation dynamics. The influence of grazing 22 on plant biomass allocation patterns was more pronounced (Fig 1c) . Previous work 23 already showed that plants can allocate resources differently as a direct response to 24 grazing (Holland et al. 1996) and that grazing-induced legacy effects in the soil can 25 increase nitrogen allocation (Mikola et al. 2005 ) and biomass allocation to shoots 1 (Medina-Roldan et al. 2012). We now show that grazing-induced changes in soil 2 properties can also feedback to increase biomass allocation to roots (Fig 1c) . 3 We did not test how grazing altered plant-soil feedback effects on plant 4 biomass allocation, but there are two potential mechanisms that may explain this 5 effect. First, plant-soil feedback effects on biomass allocation can optimize the ability 6 of plants to compete for limiting resources (te Beest et al. 2009 ). Indeed, we found 7 increased biomass allocation to roots, which may enhance the competitive ability of will be necessary to quantify the contribution of soil biotic and abiotic factors to 22 plant-soil feedback in more detail in future experiments. 23
Our greenhouse experiment lasted for 12 weeks, but we do not believe that 24 this limited the potential of plant species to respond to grazing-induced soil legacy 25 effects (Fig 1 a, b) . Most plant-soil feedback experiments that used field-conditioned 1 soils had growing periods between 6 and 15 weeks and are able to detect strong plant- were more stable in grazed than in ungrazed grassland plots, whereas plant-soil 19 feedback effects were generally not different between grazing treatments (Fig 1, Table  20 2). Only for Holcus, plant-soil feedback effects appeared to be more positive in soils 21 from grazed plots ( Table 2 ), but the stability of this species was not different between 22 grazed and ungrazed plots (Fig 3, 4) . Therefore Relationships between biomass production in the greenhouse and abundance of plant 2 species in the field for all four plant species in the year before (2005) and the year of 3 (2006) the experiment. r = Pearson's correlation coefficient, P = P-value, df = degrees 4 of freedom. Values in boldface represent significant correlations at P < 0.05/k, where 5 k is the rank of the P-value (sequential Bonferroni correction). Correlations with P < 6 0.10/k are displayed in italic. 7
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